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Abstract
A rapid, sensitive and simple spectrophotometric method was developed for the determination of iron (II). The method was based on the reaction of iron (II) with alizarin red sulphonate reagent to form a brown chelating complex in an aqueous solution. The absorbance of the chelating complex was measured at 566 nm with a molar absorptivity of 7.8 x 10 3 l.mol -1 .cm -1 . The chelating complex conforms to Beer's law over the range (0.5-5) g.ml -1 . the average recovery% was 100.06% and precision (RSD) was found to be less than 1%. The method was successfully employed for assay of iron (II) in pharmaceutical formulations (tablets and capsules). The results have been compared with British pharmacopoeia method.
Introduction
Iron is one of the most important essential elements. Its deficiency or overload may cause health problems. Speciation of iron, occurrence of the element in two oxidation states (II, III) and equilibrium between these forms are important for biological systems using iron for metabolic processes (1) . Spectrophotometric method used for the determination of Iron (II) in pharmaceutical formulations by it's oxidation in the iron (II)/thiocyanate/acetone system at 480nm with a molar absorptivity of 2.10x 10 4 l. mol -1 .cm -1(2) . Spectrophotometric method was described for the determination of iron (II) with salicylic and eight mono-substituted salicylic acids in aqueous-acetone solution at pH range 2-3. Beer's law was followed in the range of (1-60)g.ml -1 . The molar absorptivities of the complexes were 6796 to 47393 l. mol -1 .cm -1(3) . Development of indirect spectrophotometric method for the determination of iron (II) in aqueous solution. The method based on the reaction of iron (III) which produces from the oxidation of iron (II) by hydrogen peroxide) with 3,5-dinitosalicylic acid (DNS) reagent at pH 2.92 to form orange coloured complex at 475nm. with a molar absorptivity 7550 l. mol -1 .cm -1 . This method was applied successfully for the assay of Fe (II) in various pharmaceutical preparations (4) . A spectrophotometric method described for the determination of iron (II) by its oxidation to iron (III) by tetrahydrofuran/water and then reacted with azide reagent to form coloured complex at 396 nm (5) . Iron (II) has been determined by sequential injection analysis method. The method based on the reaction of iron (II) with 1,10-phenanthroline to form a reddish orange complex which shows maximum absorption at 512 nm (6) . Spectrophotometric method for determination of iron (II) was described. The method based on the reaction of iron (II) (after reduction of iron (III) with ascorbic acid) with 3-mercapto-5-(2,4-dihydroxyphenylazo-1)-1,2,4-triazol (METRIAP) and 5-(5-mercapto-1,3,4triadiazolo-2-azo)-2,4-dihydroxybenzoic acid ((METIADAREZ-) at pH 7.4 to form coloured complexes at 490, 600 nm respectively (7) . The applicability of derivative spectrophotometry for simultaneous determination of zinc(II), manganese(II) and iron(II) in the form of 4-(2-pyridyl azo)resorcinol (PAR) complexes was presented and discussed. Beer's law was obeyed in range 0.025-0.2 for iron ion. The method was applied successfully for determination of mentioned ions in pharmaceutical preparation without previous separation (8) . The complexing reagent 2 -thiophenaldehyde -4 -phenyl -3 -thiosemicarbazone (TAPT) was examined for high performance liquid chromatographic (HPLC) separations of cobalt(II), copper(II) and iron(II) as metal chelates on a Microsorb C-18, 5-μm column UV detection was at 254 nm with detection limits within 0.5-2.5 μg.ml −1 in the final solution. The method was applied for the determination of copper, cobalt and iron in pharmaceutical preparation (9) . The reactions of bis(salicycladehyde)tetramethylethylenediimine (H 2 SA 2 Ten) with cobalt(II), cobalt(III), iron(II) and iron(III) were studied. They were completely separated on a 3-μm Microsorb ODS column with spectrophotometric detection at 270 nm. The detection limits were in the range 0.25-1.0 μg.ml -1 . The method was applied to the determination of cobalt and iron in pharmaceutical preparations (10) . The use of azo dye, namely 2-mercapto-5-(2,4-dihydroxy-5-carboxyphenylazo-1)-1,3,4-tiadiazole (METIDAREZ-) was proposed for the spectrophotometric determination of Fe(II) in the pharmaceutical multivitamin preparations (11) . In this work a spectrophotometric method has been developed for determination of iron (II) based on chelating reaction with alizarin red sulphonate reagent in neutral aqueous solution and applied successfully in pharmaceutical applications (tablets and capsules).
EXPERIMENTAL Apparatus
A computerized Shimadzu UV-1650 a digital double beam spectrophotometer with 1-cm matched quartz cells was used for all spectral and absorbance measurements.
Reagents
All chemicals used were of the highest purity available.
Alizarin red sulphonate (ARS) 1x10
-3 M solution: This solution was prepared by dissolving 0.0856 g of ARS in absolute ethanol in 250 ml volumetric flask. This solution was kept in brown bottle and it was stable for at least one month. Ferrous sulphate solution(1000 µg.ml -1 ) This solution was prepared by dissolving 0.4964 gm of FeSO 4 .7H 2 O in 100 ml boiling distilled water (this solution was standardized by titration with 0.01 N potassium permanganate in acidic medium).From this solution 100 µg.ml -1 was prepared by dilution with distilled water (12) .
Procedure for calibration
To a series of 10 ml calibrated flasks, transfer an increasing volumes of 100 µg.ml -1 of iron (II) solution to cover the concentration range (0.5-5) g. ml -1, followed by addition of 2.5 ml of 1x10 -3 M ARS, the solution then diluted to the mark with distilled water and absorbance measured at 566 nm after 20 minutes at room temperature against the reagent blank.
Analysis of tablets
Ten tablets weighed accurately (each tablet contains 200 mg dried ferrous sulphate which is equivalent to 64 mg elemental iron) crushed, mixed well then a weight equivalent to one tablet was dissolved in 100 ml distilled water, 0.5 gm of charcoal was added, the solution was heated for 10 minutes for colour removal then the solution was filtered and the filtrate was transferred to 500 ml volumetric flask and completed to the mark with distilled water to obtain 128 g. ml -1 .From this solution 100 µg.ml -1 was prepared by dilution and followed the procedure for calibration to determine iron (II) in tablets.
Analysis of capsules
Ten capsules were weighed accurately (each capsule contains 150 mg dried ferrous sulphate equivalent to 47 mg elemental iron), weight equivalent to one capsule was dissolved in 100 ml boiled distilled water, 0.5 gm of charcoal was added, the solution was heated for 10 minutes for colour removal then filtered and the filtrate was transferred to 250 ml volumetric flask and completed to the mark with distilled water to obtain 188 g. ml -1 . From this solution 100 g. ml -1 solution was prepared by dilution and followed the procedure for calibration to determine iron (II) in capsules.
Results and discussion
Preliminary investigation
When a solution of iron (II) and alizarin red sulphonate reagent were mixed in a neutral aqueous solution a brown solution was observed with maximum absorption at 566 nm in contrast to the reagent blank which shows a maximum absorption at 420 nm Figure ( 
Optimization of conditions
Since ARS behaves as an acid base indicator so neither acid nor base could be used in the reaction medium (13) .
Effect of temperature and reaction time
The reaction time was determined by the colour development at room temperature and in thermostatically controlled water-bath adjusted at 40 and 50 °C. The absorbance was measured at 10 minutes intervals against reagent blank. It was observed that the absorbance was reached maximum after 20 minutes at room temperature (RT) and remains constant more than 2 hrs. RT and reaction time 20 min were chosen for colour development (Table 1) . 
Effect of ARS concentration
The effect of different ARS concentrations on the absorbance of solution containing 3 g. ml -1 iron (II) was studied, it is evident that the absorbance increases with increasing ARS concentration and reached maximum on using 2.5 ml of 1x10 -3 M ARS. Therefore, this concentration was used in all subsequent work (Table 2) . 
Effect of surfactant
The effect of different types of surfactants were used for the improvement of the absorption intensity, but none of them improve the absorption intensity therefore they were excluded from this study (Table 3) . 
Calibration graph
Under the optimum conditions, a linear relationship between the absorbance and the concentration of iron (II) was observed cover the concentration range (0.5-5) g. ml -1 ( Fig.2 ) with correlation coefficient of 0.9998. A negative deviation from Beer's law was observed at higher concentrations of iron (II). The molar absorptivity was 7.8x10 3 l. mol -1 . cm -1 .
Figure (2): Calibration graph of iron (II)
Accuracy and precision To determine the accuracy and precision of the method, iron (II) was determined at three different concentrations. The results in table (4) ,showed that the accuracy (average recovery%) was 100.06% and the precision (RSD) < 1%. 
Effect of interferences
To check the selectivity of the method, 3 g. ml -1 of iron (II) was determined using the recommended procedure in presence of foreign compounds usually present in pharmaceutical formulations. The results didn ' t show any interfering effect on the present method which indicate that the method is selective (Table 5) . 
Nature of product and reaction mechanism
The stochiometry of the reaction between iron(II) and ARS was investigated using Job's method (14) . The results obtained show that 1:2 iron (II): ARS ratio was formed (Fig.3) . Therefore, the formation of the product may be occur as follows
The stability constant of the product was estimated and found to be 4.25x10 10 l 2 . mol -2 .
Analytical applications
Five types of pharmaceutical formulations containing iron (II) have been analyzed and they gave a good accuracy ( Table 6 ). The proposed method was compared successfully with British pharmacopoeia standard method (15) (Table 7) , since the T-test at three degree of freedom and 95% confidence limit showed that there was no significant differences between the proposed method and the standard method.
(t-exp.=0.33, t-tabulated= 3.18). 
Comparison of methods
The results obtained by application of the present method and literature method to the determination of iron (II) in pharmaceutical preparations were given in table (8) . It is evident from the table that the results compared favorably between the two methods in all analytical parameters but the present method does not require buffer solution.
Conclusion
The reported method is simple and sensitive. The product formed is stable for at least 120 min., thus permitting quantitative analysis to be carried with good reproducibility, also the reported method does not require neither buffer solution nor solvent extraction.
